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Abstract 
Background: Despite their good intentions, people often do not eat healthily. This is known 
as the intention-behavior gap. Although the intention-behavior relationship is theorized as a 
within-person process, most evidence is based on between-person differences. 
Purpose: To investigate the within-person intention-behavior association for unhealthy snack 
consumption.  
Methods: Young adults (N = 45) participated in an intensive longitudinal study. They 
reported intentions and snack consumption five times daily for seven days (n = 1068 
observations analyzed).  
Results: A within-person unit difference in intentions was associated with a halving of the 
number of unhealthy snacks consumed in the following three hours (CI95 27-70%). Between-
person differences in average intentions did not predict unhealthy snack consumption.  
Conclusions: Consistent with theory, the intention-behavior relation for healthy eating is best 
understood as a within-person process. Interventions to reduce unhealthy snacking should 
target times of day when intentions are weakest.  
 
Keywords: intention-behavior gap; intraindividual and interindividual associations; health 
behavior; snack consumption; ecological momentary assessment   
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Unhealthy eating is one of the major risk factors for cardiovascular disease, diabetes, 
and obesity [1]. One source of unhealthy food intake is between-meal snack consumption, 
which has been linked to increased energy intake [2]. Because unhealthy snacks are ever 
more present in daily life, people who have goals to maintain a healthy weight are 
increasingly faced with the task of regulating their eating behavior. However, even though 
many people intend to avoid the consumption of unhealthy snacks, previous research 
suggests they often fail to enact their intentions [3–7]. This phenomenon of a weak intention-
behavior link is commonly known as the intention-behavior gap [6]. 
Behavioral intentions have been defined as “... people’s decisions to perform 
particular actions.” [6, p. 2]. They are a core behavioral predictor of well-researched health 
behavior theories, including the Theory of Planned Behavior [8], and the Health Action 
Process Approach [9]. Intentions are likely to consist of a relatively stable, trait-like 
component as well as a state-like component that fluctuates over time. For example, a person 
might generally intend to eat healthy food, but change this usual intention when offered a rich 
cake at her niece's birthday party. In this paper, we will refer to the trait-like component as 
the between-person intention; it indicates between-person differences in intentions overall. 
The state-like component is referred to as the within-person intention; it reflects persons’ 
variation around their overall intention. It is known that between-person associations can 
differ substantially from those at the within-person level in size or even direction [10]. It is an 
open question whether this is the case for intention-behavior relations. Behavioral theories 
propose strong within-person intention-behavior links. They make no assumption about the 
nature of between-person intention-behavior relations, i.e., how the differences in persons’ 
overall intentions are related to the consumption of unhealthy snacks. 
Prior studies have focused on investigating intention-behavior relations by comparing 
persons with differing intention strengths at a particular point in time, in a specific situation. 
Such measures are composites of between-person and within-person intentions, but these are 
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masked and cannot be separated by such research designs. For example, Conner et al. [11] 
asked hospital workers about their intentions to “eat a low-fat diet in the future” (p. 481) and 
correlated this with retrospectively reported behavior three months later. The intention 
measure was likely influenced by both the between-person intention (i.e., the general 
inclination to eat a low-fat diet), and a within-person deviation from the between-person 
intention (e.g., a situational increase in intention, because of having weighed one pound more 
than usual on the day of the study). Meta-analyses of these correlational intention-behavior 
studies found that intentions account for approximately 20-30 percent of variance in behavior 
[3, 6]. These findings were supported by Webb and Sheeran’s [7] meta-analysis that only 
included experimental studies. Their review found that moderate to strong changes in 
intentions foster weak to moderate changes in behavior (see also, [5]). This experimental 
evidence allows for confident conclusions about the causal relation of intentions and 
behavior. However, it provides little insight into within-person processes in daily life, they do 
not allow one to distinguish the between-person intention from within-person variability of 
intentions that first studies in other behavioral domains found in everyday life [12, 13].  
The within-person intention-behavior relationship has received less attention in 
previous research. Those papers that have discussed within-person processes have tended to 
focus on the stability of intentions over time, which is hypothesized to be an indicator of 
intention strength, and hence should moderate the intention-behavior relationship such that 
more stable intentions lead to better translation of intentions into actions [14]. Several studies 
on intention stability have shown support for this hypothesis [15–17]. However, these studies 
typically operationalize intention stability by taking into account only two time points [18], 
which are rather imprecise measures of stability. What is more, summarizing within-person 
variability with a single person-specific number, rather than studying the dynamic relations of 
intentions to subsequent behaviors, cannot reveal the time-related within-person processes. 
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To disentangle and simultaneously test between-person and within-person intention-
behavior relations in an ecologically valid setting, we conducted an intensive longitudinal 
study in everyday life [19]. In line with behavior theories’ assumptions, we hypothesized that 
substantial positive intention-behavior associations can be found at the within-person level. 
Furthermore, we explored whether between-person intention-behavior relations differ from 
within-person intention-behavior relations. This represents the first simultaneous 
investigation of intention-behavior relations as a within-person process and from a between-
person differences perspective.  
 
Method 
We conducted an intensive longitudinal study with five daily, time-based ecological 
momentary assessments [20] on seven consecutive days in Germany in May and June 2013. 
Diaries are the method of choice to answer this research question. However, possible diary 
reactivity, i.e., that completing a diary may influence the phenomenon of interest, could 
potentially endanger the validity of results obtained with this research method [21]. Tobias 
and Inauen [22] therefore recommend estimating the obtrusiveness of a diary in any given 
study. In this study, we estimated the presence of diary reactivity by comparing the diary 
group (diary+panel) to a control group (panel-only) regarding their unhealthy snack 
consumption and behavioral intentions on the day before and after the diary period. 
 
Participants 
We focused on persons who face a self-regulation dilemma with regards to unhealthy 
snack consumption, i.e., persons were eligible if they asserted that they generally intended to 
avoid unhealthy snacks, and admitted to occasionally eating unhealthy snacks. Furthermore, 
participants had to have a routine of eating two or more regular meals a day, have access to a 
smartphone during the study, be fluent in reading and writing German, and not be on vacation 
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during the study. For a chart of the participant flow through the study, see Electronic 
Supplementary Material 1. 
We a priori aimed at recruiting 50 participants for each condition (diary+panel and 
panel-only) based on issues of feasibility to recruit the sample in a short time frame (this 
study was conducted as part of a University course). Post-hoc power analyses revealed that 
the ultimately recruited sample of 45 (diary+panel) and 44 participants (panel-only) provided 
80% power to detect a difference of .11 in snack consumption, which would be considered to 
be a medium effect size (d=0.61).  
In total, 89 young adults participated (diary+panel: n=45; panel-only: n=44). Five of 
them did not attend the second lab assessment, but they completed the questionnaire online. 
Participants in the diary+panel condition were asked to fill in the diaries five times per day on 
seven days. Of the resulting 1575 possible observations, 137 (8.7%) were missing. Fifty-nine 
(66.3%) of the participants were female. They were 18 to 29 years old (M=22.0, SD=2.3), 
with a mean Body Mass Index (BMI) of 22.9 (SD=2.5).  
 
Measures 
All measures were presented in German. English translations are described below (the 
original items are available at request). For comparison purposes, the same questions for 
snack consumption and intentions were included in the diary and the panel.  
Unhealthy snack consumption. 
Eating occurs frequently and recollections of it are prone to retrospective bias [23]. To 
prevent this, we chose frequent assessments at 3-hour intervals during the day, and a 12-hour 
interval during the night. In the present study, a snack was defined as any food and sweetened 
beverages consumed between main meals. Unhealthy snacks comprised the nine non-core 
foods adapted from Kelly, Smith, King, Flood, and Bauman [24], e.g. candy, cakes, and 
sugared drinks. Participants were given the detailed definition of healthy and unhealthy 
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snacks based on the Kelly et al. distinction of core and non-core foods prior to the survey. 
Also, they were able to access this definition at any time during the diary surveys via a link 
on every page of the electronic questionnaire.  
To facilitate remembering the snacks eaten between diary entries, participants were 
guided with the following questions. Firstly, participants were asked how often they had 
snacked since the last questionnaire (or on a typical day in the last seven days in the panel 
survey). If they had snacked at least once, they were asked to check the healthy (e.g., 
vegetables, breads) and unhealthy foods (e.g., candy, cakes, sugared drinks; 24) they had 
snacked since the last questionnaire. Also, for each checked category (e.g., candy), they were 
asked to write down the exact snacks they had consumed. The final behavioral measure was 
the count of all unhealthy snacks consumed. Participants were also asked to indicate on a 5-
point scale how large the portion of unhealthy snacks had been (-2 = much smaller than my 
usual portion to 2 = much larger than my usual portion). But because the portion-size 
weighted measure yielded the same results as the unweighted measure, we only report the 
unweighted measure, as it is more straightforward to interpret. 
Intentions to avoid unhealthy snacking. 
Intentions were assessed with a typical measure of intention strength, in line with the 
Theory of Planned Behavior [8] and previous research on unhealthy snacking [25, 26]. The 
time reference captured momentary intention strength: “At this moment, to what extent do 
you intend to avoid unhealthy snacks?” The response options ranged from 1 “at this moment, 
not at all” to 9 “at this moment, very strongly”. To allow for meaningful interpretation of the 
coefficient in the regression analysis, the scale was transformed into a range of 0 to 1. We 
chose a 1-item measure of intention to avoid participation fatigue and ensure continued 
participation across the high-frequent assessments. Intentions are often operationalized with 
one or two items (e.g., [25, 27]). Our measure is derived from previous research [25, 26], and 
has high content validity, wherefore this 1-item measure can be considered appropriate (cf. 
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[28]). As a further test, we computed correlations of the intention measure with related 
constructs. The results presented in Electronic Supplementary Material 2 show the expected 
correlations of intention with related constructs indicating construct validity. 
Dietary restraint 
Dietary restraint has been shown to influence snacking behavior [29]. Therefore, we 
included it as a covariate, using the restraint subscale of the German translation of the Dutch 
Eating Behavior Questionnaire (DEBQ; [29, 30]).  
 
Procedures 
This study was approved by the local Institutional Review Board. E-mail invitations 
were sent to all students of two universities. The incentive for study participation was taking 
part in a lottery of four vouchers worth EUR 150 each (app. $ 167) for Amazon.com, or study 
participation credit. 
The e-mail invitation contained a link to a brief online questionnaire that assessed 
eligibility criteria. Persons who met the criteria were then contacted by the experimenters. 
Prior to the phone call, the experimenters randomized the respective participant to one of the 
two conditions (diary+panel vs. panel-only) by entering the person’s participant identification 
code into the next empty container of a block randomization list (each block had six 
containers). This list was previously created by a research assistant not involved in this study 
using random number generation. During the phone call, potential participants of the 
diary+panel condition were informed that they would receive EUR 20 (app. $ 22) for this 
task (or equivalent additional course credit), in addition to participating in the lottery. After 
obtaining oral informed consent, appointments at the lab were scheduled.  
At T1, after obtaining written informed consent, participants answered the T1 online 
questionnaire. After completing the questionnaire, participants’ weight and height was 
measured, and the appointment ended for panel-only participants. Diary+panel participants 
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received additional instructions for the diary: They would receive text messages containing 
the link to the online survey at 11am, 2pm, 5pm, 8pm, and 11pm for the next seven days, 
starting the next day.  
At T2, the eighth day after T1, all participants returned to the lab and again answered 
the online questionnaire. Moreover, their weight was measured, they were debriefed and 
received their course credit or were entered in the lottery.  
 
Data Analysis 
The key outcome, number of unhealthy snacks consumed, had a skewed distribution, 
and so we used a generalized linear model approach that specified a negative binomial 
distribution and a log link function [31]. The natural logarithm of number of snacks 
consumed was specified to be a linear function of intentions in the period prior to the 
snacking report (between person average intentions and the within-person deviation of 
intentions) and indicators of time of day and ordinal day within the study. To take into 
account the dependence of the observations within person and over time, we used generalized 
estimation equation (GEE) methods [32, 33]. In comparison to multilevel modeling, GEE 
does not estimate random effects, but adjusts the model coefficients and standard errors for 
the interdependence between measurements. GEEs are particularly useful when modeling 
non-normally distributed outcomes, as for these, the specification of random effects using 
multilevel modeling can be difficult. We specified the working correlation structure as 
exchangeable. The effect sizes are rate ratios (RR). They are interpreted as the percentage 
increase (values > 1) or decrease (values < 1) in snack consumption for a unit increase in the 
predictor [34]. All analyses were conducted with IBM SPSS Statistics 22.0. 
To keep lags between intentions and snack consumption consistent at three hours, the 
11am snack consumption measures (and the corresponding 11pm intentions) were removed 
prior to analyses. The between-person intention was computed by calculating the average 
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intention for each person across all time points of the diary (except 11pm intentions). This 
variable was grand-mean centered to allow for a meaningful interpretation of the intercept. 
The within-person intention was calculated by centering intentions at the person mean, 
resulting in intrapersonal fluctuations around the person-specific mean across the study 
period. In the analyses, within-person intentions at a particular time predicted snack 
consumption at the next period. Two different time variables were included in the model: a 
linear time trend across all the time points of the study, coded from 0=first diary to 1=34th 
diary, and time of day as a factor, coded 1=2pm, 2=5pm, 3=8pm and 4=11pm. To test the 
hypothesis that the between-person intention-behavior association differs from within-person 
associations, the regression model was computed again, this time contrasting the between-
person intention predictor to the original intention variable (cf. [35]). Finally, as a sensitivity 
analysis, the model was re-run, adjusting for age, gender, Body Mass Index (BMI), dietary 
restraint, past behavior (from previous period, or the same period the previous day), weekend, 
and the time lag of answering the surveys. 
 
Results 
Intention-Behavior Relations 
The average intention to avoid unhealthy snacking assessed in the diary was rather 
strong: 0.64 (SD = 0.32). The intra-class correlations for intentions was 0.50, which means 
that 50% of the variance was attributable to the person, and 50% was attributable to 
fluctuations within persons. Snack consumption ranged from 0-4 snacks consumed during the 
3-hour reporting periods. However, the distribution was highly skewed; participants reported 
that they had consumed no unhealthy snacks in 77% of the diary entries. The intra-class 
correlation for snack consumption was 0.06, indicating that almost all variability was within 
persons.  
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The negative binomial generalized estimating equation model reported in Table 1 
tested between-person and within-person effects of intentions to avoid unhealthy snacks on 
subsequent snack consumption. The model adjusted for changes in snack consumption over 
the study period and fluctuations of snack consumption during the day. The results indicated 
that participants significantly decreased their unhealthy snack consumption over the study 
period. Also, participants consumed significantly fewer unhealthy snacks between 11am-2pm 
and 5-8pm compared to the 8-11pm period. Over and above these temporal influences, 
between-person differences in persons’ average intentions were weakly positively but not 
significantly associated with the average number of unhealthy snacks consumed. In line with 
our hypothesis, however, within-person fluctuations in intentions were significantly 
negatively related to subsequent unhealthy snack consumption. The rate ratio (RR) indicates 
that when participants had one unit stronger intentions than usual, they subsequently ate 53% 
(CI95 = 27% to 70%) fewer unhealthy snacks than at times with average intentions. This also 
means that persons with weaker intentions than usual subsequently consumed more unhealthy 
snacks. Regarding our second aim to investigate the differences in the between-person and 
within-person intention-behavior relations, a second model indicated that fluctuations in 
intentions to avoid unhealthy snacks were significantly more negatively related to subsequent 
snack consumption than between-person differences in average intentions (B=1.07, SE=.47, 
p=.023).  
A sensitivity analysis of the model revealed no significant effects of age, gender, 
BMI, dietary restraint, past behavior, weekend and time lag between filling in the surveys on 
unhealthy snack consumption. The model results remained substantively unchanged after 
inclusion of these covariates. Figure 1 depicts a visualization of the model results. Predicted 
unhealthy snack consumption is displayed as a function of prior within-person intentions, 
adjusted for study period, time of day, and between-person differences in intentions. 
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Estimating Diary Reactivity 
To estimate whether the diary had affected snack consumption and intentions, we 
compared a panel-only group to the diary+panel group. Indicating that randomization was 
successful, we found no baseline differences between the diary+panel and the panel-only 
group regarding gender, age, BMI, intentions, or snack consumption (see also Electronic 
Supplementary Material 3). The analyses of group (diary+panel vs. panel-only) x time (T1 
vs. T2) indicated that completing the diary in addition to the panel assessments had no effects 
on participants’ snack consumption (Wald[2]=0.35, p=0.839) or intentions (F[1, 87]<0.01, 
p=0.969). There was a small main effect for time on snack consumption, however: Over time, 
unhealthy snack consumption decreased marginally, regardless of condition (Wald[1]=4.28, 
p=0.039). 
 
Discussion 
This study is the first to investigate intention-behavior relations as a within-person 
process in addition to the between-person differences perspective. At the within-person level, 
in line with the assumptions of many health behavior theories (e.g., [8, 9]), the results 
indicate strong intention-behavior associations: At times with stronger intentions, people ate 
53 percent fewer unhealthy snacks than at times with average intentions. At the between-
person level, no significant intention-behavior relations were found, supporting previous 
findings of a gap between intentions and behavior [5–7]. A statistical comparison of the 
between-person and within-person intention-behavior effects revealed that the within-person 
intention-behavior relations were stronger than the between-person ones.  
The finding that within-person fluctuations in intentions predict later snack 
consumption confirms the importance of intention as a behavioral predictor as proposed by 
behavioral theories such as the Theory of Planned Behavior [8]. For the past decade, 
intentions have been conceptualized as a necessary but often insufficient prerequisite for 
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behavior change. In contrast, our study shows that fluctuations in intentions can be 
meaningful to regulate behavior in daily life and can therefore also be considered a self-
regulatory resource. As such, our results extend previous views on intention fluctuations that 
proposed that intention stability is a feature of intention strength, and variability therefore a 
weakness [14, 18]. Rather, this depends on the direction of change. 
Our results also show that even persons who are generally motivated can be sensitive 
to situational changes in intentions. This calls into question a categorical “stage” distinction 
of intenders and non-intenders of health behaviors. This also has important implications for 
health behavior change interventions. Highly motivated persons’ intentions should not be 
presumed a given. Even motivated persons may benefit from reminding of their intentions in 
the moments of temptation. This may be achieved by real-time interventions in people’s daily 
lives [36], for example, by subliminal goal priming [37], or reminding of personal goals via 
text messaging. 
In our data, the within-person association between intention and behavior was much 
stronger than the between-person association. We did not find the small to moderate between-
person intention-behavior associations reported in previous studies [3, 6]. Instead, our results 
imply that differences in unhealthy snack consumption cannot be explained by differences in 
persons’ general motivation to avoid unhealthy snacking. Rather, increases or decreases in 
intentions during their daily lives seem crucial. To our knowledge, our study is the first to 
show the actual between-person effect, separated from the state-like influence on intentions 
(i.e., the within-person effect). This was made possible by the diary design. Previous studies 
employed single-time measures that mix trait-like between-person and state-like within-
person variances in intentions. Therefore, our result is not directly comparable to previous 
studies’ findings of small-to-moderate between-person intention-behavior associations. 
Conclusions about the between-person intention-behavior relations should be drawn 
tentatively, however. First, we studied persons who were experiencing a self-regulation 
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challenge. Therefore, future studies should investigate whether our findings also extend to 
persons who generally have no intention to avoid unhealthy snacks, or who never eat such 
snacks at all. But even with this sample restriction, there was variation in between-person 
intentions to avoid unhealthy snacks. By examining the relation of these between-person 
intentions and snack consumption, we were able to reflect the within-person association we 
found: Persons who generally had strong intentions to avoid unhealthy snacks were just as 
susceptible to dysregulation as others when they momentarily dropped their intention to avoid 
unhealthy snacks. Second, we did not consider the temporal order of between-person 
intention-behavior relations as we did for the within-person ones. For the between-person 
intention-behavior relations this was not meaningful in our study design, as we would not 
expect this trait-like process to change over short periods of time. Future studies should 
include larger time intervals to investigate lagged effects of between-person intention-
behavior relations.  
This is the first study to disentangle between-person and within-person intention-
behavior associations. The intensive longitudinal design allowed the investigation of within-
person processes in people’s daily lives, during several days. Thus, a particular strength of 
this study is its ecological validity. Furthermore, assessing people’s snack consumption and 
intentions multiple times during the day enabled us to include the time of day in the model of 
intention-behavior relations. Despite the high-frequent assessments, no additional 
measurement reactivity was observed compared to the panel survey. 
The non-causal research design of the study is a limitation. Although time-sequencing 
ensured that prior intentions predicted later snack consumption, the third variable problem 
[38] cannot be ruled out. Results from meta-analyses of experimental studies on intention-
behavior relations [5, 7] encourage causal interpretation. Nevertheless, the next step in 
investigating within-person intention-behavior relations is to strengthen people’s intentions in 
everyday life using real-time interventions [36]. Another possible criticism is that our sample 
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was limited to young adults. In the case of unhealthy snacking, however, we argue that 
studying young adults is meaningful, because they have been shown particularly prone to 
unhealthy snacking [39]. Snack consumption was self-reported. Even though the design and 
procedure minimized retrospective bias, it is possible that participants’ reporting of their 
snack consumption exhibited social desirability. As greater consistency has been found for 
intentions and objectively measured behavior [7], our results may have underestimated the 
strength of intention-behavior associations. Also, greater intention-behavior consistency may 
be found if the time reference in the intention measure paralleled the interval of the 
retrospective snack consumption report, compared to the momentary intention measure used 
in our study.   
This research indicates that situational changes in intentions may strongly impact 
subsequent behavior. Still, intentions did not explain all behavioral variance. Future studies 
should therefore investigate additional factors at the within-person level, such as action 
control [40], implementation intentions [41, 42], and habitual processes [43, 44].  
In conclusion, this research provided support for behavioral theories’ assumption of 
the importance of intentions to predict behavior at the within-person level. More generally, 
the significance of considering both between-person differences and within-person processes 
when aiming at explaining health behaviors was stressed, as these may differ. Enhancing 
people’s intentions to avoid eating unhealthy snacks in the moments of temptation holds 
promise to support people’s self-regulation of eating behavior in their daily lives.  
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Table 1 
Parameter Estimates for Negative Binomial Generalized Estimating Equations Model of the 
Number of Unhealthy Snacks Consumed as a Function of Time and Intentions to Avoid 
Unhealthy Snacking 
     CI95 for RR 
Fixed effects B SE p RR Lower Upper 
Intercept -0.70 0.16 <0.001 0.50 0.37 0.68 
Time (study period) -0.53 0.19 0.004 0.59 0.41 0.85 
Daytime - 2pma -0.47 0.14 0.001 0.63 0.48 0.83 
Daytime - 5pma -0.14 0.16 0.383 0.87 0.63 1.19 
Daytime - 8pma -0.43 0.15 0.005 0.65 0.48 0.88 
Between intention 0.30 0.38 0.425 1.36 0.64 2.86 
Within intention -0.77 0.23 0.001 0.47 0.30 0.73 
Note. N = 45 persons, 27 measurement times, 1068 observations. Scale parameter: 0.675. a 
Relative to 11pm. RR = Rate ratio. 
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Figure 1. Predicted unhealthy snack consumption as a function of prior within-person 
intentions, adjusted for study period, time of day, and between-person differences in 
intentions. The thick line represents the average effect. The thin lines reflect the uncertainty 
(+/- 2 times the standard error). 
 
 
 
